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ABSTRACT 



A suction control device for a multiple cylinder internal 
combustion engine comprising a shell body presenting a 
suction path communication to each cylinder in a multiple 
cylinder internal combustion engine, a rotary shaft (21fl) 
penetrating and bom by the shell body, a butterfly valve (21) 
supported by the rotary shaft and provided in each of the 
suction paths so that it can freely open or close the suction 
path, and a restricting means for restricting movement of the 
rotary shaft in the axial direction; wherein the rotary shaft 
and the butterfly valve are monolithically formed with a 
resin material, the shell body is made from a resin material, 
and the restricting means comprises an expanding piece 
(21^?) monolithically formed on the rotary shaft and having 
a width in the radial direction thereof, a contact wall (24) 
formed on the shell body and slidably contacting and 
supporting the expanding piece, and a resilient energizing 
member (33) for energizing the expanding piece to contact 
it to the contact waU. With this feature, the weight reduction 
of the device can be achieved and also the rotary shaft can 
bee accurately and precisely supported in the thrust direction 
and can be prevented firom becoming loose. 

5 Claims, 23 Drawing Sheets 
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FIG. 2 
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FIG. 10 
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FIG. 13 
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SUCTION CONTROL DEVICE FOR three portions is molded discretely, and then each of the 

MULTIPLE CYLINDER INTERNAL mounting flange surfaces is monolithically butt-jointed to 

COMBUSTION ENGINE each other by using a connecting means (not shown) such as 

bolts and nuts or the like. 

BACKGROUND OF THE INVENTION 5 Furthermore, as for the multiple butterfly valve, as shown 

1. Field of the Invention ^ ™- 2, a concave notch is formed in a portion corre- 
^ . . , . 1 J . spondmg to each suction path of a hne of the rotary shaft 2a, 
The present mvention relates to a suction control device „ 1 .v (k^^A u,. « ,„^„«o «^ „ k«i« 

^ ... . . a valve 2 is nxed by using a tigntemng means such as a bolt 

for a muluple cylinder mteraal oombusUon engine incorpo- jf, in this area, and a driving means comprising, for instance, 
rated in a vehicle or the hke, and more particularly to a jo an arm 2 and an actuator 5 is connected in one end of the 

suction control device for a multiple cyhnder mternal com- ^^^j, ^ above-described valve 2 fixed 

bustion engine with specific features in the butterfly valve .jj^^^to. so that all valves can monolithicaUy be rotated, 

openmg and closing a suction path and the bearing of the ^ , - , , . ^ j . . . 

rotary shaft therefor, and the tightening construction , Also, as for an assembly method and a supportmg method 

between members thereof. „ this multiple butterfly valve, as shown in FIG. 3. the 

^ 1 J . , rotary shaft beanng hole 6 is formed by dnllmg or the like 

2. Background Technology ^ ^^^^ bearing hole is orthogonal to each of 
Cbnventionally, so-called a variable suction system, in the suction path from the outer side of the valve body portion 

which a length of a suction pipe and a path capacity are (II), then the rotary shaft 2a is inserted from the open outer 

switched in two stages according to such factors as a side of the bearing hole 6, and after that the valve 2 is fixed 
rotational speed of an engine or a load or the like to give an 20 jq ^jjg rotary shaft with a small screw 2h in each suction path, 

inertia supercharge effect or a resonance supercharge effect ^ase, the rotary shaft 2a is supported in the radial 

to intake an: for the purpose to umprovc output from the direction by the internal waU of the bearing hole 6 itself. On 

engme, has been employed as a suction system for an t^e other hand, the rotary shaft 2a is supported in the thrust 

^'^Sine. direction, as shown in FIG. 3, by providing a spring 7 

FIG. 1 shows a cross sectional view of the suction control energizing the rotary shaft 2a in the direction indicated by 

device wherein the variable suction system described above the arrow and associated with one end of the rotary shaft 2a, 

is employed for a six-cylinder engine. In this figure, a cross and also bringing the peripheral side 2d of the valve 2 into 

section of one suction path corresponding to one-cylinder of contact with the internal wall of the suction path 8. 

engine is shown, but actuaUy the suction paths correspond- the supporting construction in the thrust direction 

ing to six cylinders thereof arc formed monolithicaUy in described above, a spring 7 having a spring constant within 

parallel in a direction vertical to the sheet carrying this ^ specified range is required to be selected so that scuffings 

^S^^' do not occur in the engaged sliding section between the 

In the suction control device described above, the intake peripheral side 2d of the valve 2 and the internal wall of the 

air introduced from a side end of the body into a surge tank suction path, and also a selectable width thereof is limited. 

1 via a throttle valve (not shown herein) is introduced into Also, the valve and the internal wall of suction path are 
an engine cylinder, passes through a roundabout suction path sometimes deformed, which may cause the rotary shaft not 
3 as shown by the arrow A when a switch valve 2, which is to rotate smoothly because of a partial abrasion caused by 
a butterfly valve, is closed by operation of an actuator (not increase of local bearing stress under the effects of atmo- 
shown) if the speed is in a range of low or medium level (a ^ spheric temperature or displacement of the alignment, 
state shown by a solid line), while, if in a range of high Also, in the bearing construction as described above, if 
speed, the switch valve 2 is in the open state (a state shown there occurs a change of a clearance in the bearing section 
by a two-dot chair line), and the intake air is directiy due to difference in coefficients of thermal expansion in a 
introduced into the engine cylinder without passing through case where the rotary shaft 2a and the valve body 1 are 
a roundabout suction path 3 as shown by the arrow B. formed with difi"erenl types of materials respectively, change 

Namely, by opening and closing the switch valve 2, of a clearance in the bearing section due to deterioration over 

pressure inverted wave generated through a long suction time such as a abrasion, or dispersion of clearance in the 

pipe is synchronized in a low and medium range of speed bearing section due to dispersion in a manufactured size are 

and that generated through a short suction pipe is synchro- generated, the change of a clearance as described above can 

nized in a high range of speed for thereby improving the not be compensated, and for this reason, the rotary shaft 2a 

charging efficiency in the entire range of speed, thus may rattle and tap in the bearing hole, and the valve body 

improvement of torque in a low/medium speed range and may contact the internal wall of the suction path. And more 

that of maximum output power being achieved concurrently. particulariy in a case of a multiple butterfly valve, the 

Also, in the suction control device employing the variable bearing stress of the bearing section becomes partiaUy 
suction system as described above, a body section thereof 55 larger, so that the bearing section has a tendency to become 

presenting a suction path as weU as a surge tank or others is loose due to abrasion or plastic deformation, because a 

molded by using aluminum material, and the changing valve torque delivery means such as an actuator 3 is provided in 

2 as well as the rotary shaft 2a therefor are molded by using one end of the multiple butterfly valve although it has a long 
steel or the like. size. 

And because of the restrictions in the molding technology 60 As a structure for connection between a surge tank and a 

as described above, a suction control device is separated into throttle body in the conventional technology, the structure as 

three areas, namely a branch portion (I) forming only a shown in FIG. 4 to FIG. 6 has been known, 

suction path, a valve body portion (II) presenting a changing Herein, FIG. 4 shows a plan view of a suction device for 

valve 2 therein which is a multiple butterfly valve and also engine, and in this case the suction control device is sepa- 
forming a suction path, and a cover portion (III) forming a 65 rated into three areas, namely a branch portion (1) forming 

surge tank 1 and presenting a port sheU 4 therein constimting only a suction path, a valve body portion (II) presenting a 

a portion of the roundabout suction path 3, and each of the switch valve which is a muhiple butterfly valve and forming 
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a suction path, and a covering portion (III) forming a surge 
tank and presenting a port shell therein constituting a portion 
of the roundabout suction path, and each of the portions is 
discretely molded by using aluminum material, then the 
mounting flange surfaces are monolithically butt-jointed to 
each other by using a connecting means (not shown) such as 
bolts or others. 

Also, a flange section lOOfl having an opening is provided 
on the portion of the peripheral wall of the valve body (II) 
forming the surge tank and the covering portion (HI), and the 
throttle body 200 presenting the throttle valve therein for 
adjusting output of engine is fixed and tightened with bolts 
300 by contacting the flange section 200a to the flange 
section IOOa. It should be noted that the throttle body 200 
described above is also formed with alimiinum material, and 
the rotary drum 200^, to which wire or the like is hooked, 
is fixed to one end of the rotary shaft 200c supporting the 
throttle valve (not shown) provided in the suction path, and 
the throttle valve can be opened or closed by rotating the 
rotary drum 200d. 

Herein, detailed description is made for structure for 
connecting the throttle body 200 to the flange section 100a 
of the body of suction device 100, and as shown in FIG. 5 
illustrating a cross section of the throttle body taken along 
the line A — ^A in FIG. 4, a screw hole lOQs is formed in a 
flange section lOOa of the body of suction device (lotaUy 4 
pieces of screws each at four comers), and on the other hand 
a through-hole 200h is formed in the flange section 200a of 
the throttle body (also 4 pieces totally). And a bolt 300 with 
a flat washer or a spring washer 500 assembled thereto is 
screwed into the screw hole lOfts by inserting through the 
through-hole 200/i described above in a state where both end 
surfaces of the both flanges are engaged and connected to 
each other through the seal member 400, then the both end 
surfaces are firmly connected and tightened to each other. 

Also, another structure for connection is shown in FIG. 6. 
Herein, the through-hole 100/i is foraied in place of a screw 
hole in the flange section lOOfl of the body of suction device 
and the both flanges aie connected to each other with a bolt 
300 and nut 700 through a flat washer 500 and spring washer 
600. 

By the way, as one of the policies for development of 
more advanced, the possibilities of development of low 
fuel-consumption vehicles by reducing weight thereof, and 
also development of low-cost vehicles by changing materi- 
als or simplifying production process thereof have been 
investigated. 

For this reason, in the suction device as described above, 
conventionally molded from metal materials such as alumi- 
num material or the like, the possibihty of manufacturing the 
products with resin has been investigated as part of the 
efforts for development of more advanced vehicles. 

However, even if the components constituting the con- 
ventional type of suction control device are formed with 
resin, there arise such new problems as that mechanical 
strength of resin materials is weak and a degree of assem- 
bling precision is lower because of effects by lower heat- 
transfer properties or lower molding precision in each com- 
ponents thereof as compared to those of metal materials. 

Also, even if all components constituting the conventional 
type of suction device is formed with resin, when the 
conventional type of connecting structure is employed and 
the throttle body is fixed thereby, there arise such new 
problems as that mechanical strength of the resin flange 
section is weak, the connecting section is loosened due to the 
settling of the flange section caused by heat creep or the like. 
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forming of screw holes is difiBcuIt, and post-processing 
thereof is also difficult, so that it is found difficult to insure 
the connecting strength and reliability of the components at 
the same level as those in the conventional technology. 

SUMMARY OF THE INVENTION 

The present invention was made in the light of the 
circumstances as described above, and it is a first object of 
the present invention to provide a suction control device for 
30 a multiple cylinder internal combustion engine in which 
functions the device should have by nature can accurately 
and precisely be operated and also which enables weight 
reduction in products. 

A second object of the present invention is to provide a 
suction control device for a multiple cylinder internal com- 
bustion engine in which required function can precisely be 
operated especially by precise positioning to the device body 
of a multiple butterfly valve and also which enables weight 
reduction in products. 

20 

A third object of the present invention is to provide a 
suction control device for a muhiple cylinder internal com- 
bustion engine in which a bearing section for a rotary shaft 
can be prevented from becoming loose without being 
affected by materials for molding, peripheral temperature, or 
deterioration of materials over time and the bearing section 
can achieve the original functions at a high precision without 
fail, and also which enables weight reduction in products. 

A fourth object of the present invention is to provide a 
suction control device for a multiple cylinder internal com- 
bustion engine having a structure for connection between of 
a surge tank and a throttle body which enables firmer 
connection between the two components by maintaining the 
connecting strength in the initial stage and an easier work for 
3^ connection even if a connecting flange section is formed 
with a resin material of which mechanical strength is weak. 

The suction control device for a multiple cylinder internal 
combustion engine according to the present invention com- 
prises a sheU body presenting a suction path communicated 
40 to each cylinder in a multi-cylinder internal combustion 
engine, a rotary shaft penetrating and bora by the shell body, 
and a butterfly valve supported by the rotary shaft and 
provided in each of the suction paths so that it can freely 
open or close the suction path, and is characterized in that 
45 the butterfly valve and the rotary shaft are made from a 
monolithicaUy molded resin material, and the shell body is 
formed with a resin material. 

Also the suction control device for a multiple cylinder 
internal combustion engine comprises a sheU body present- 
so ing a suction path communicated to each cylinder in a 
multiple cyhnder internal combustion engine, a rotary shaft 
penetrating through and bom by the shell body, and a 
butterfly valve supported by the rotary shaft and provided in 
each of the suction paths so that it can freely open or close 
55 the suction path, and is characterized in that a peculiar form 
hole having a cross section other than a circle is formed in 
the butterfly valve, the rotary shaft has the same cross 
section in a direction perpendicular to the axial line as that 
of the peculiar form hole, and the rotary shaft is inserted into 
60 and engaged with the peculiar form hole to penetrate 
through and support each butterfly valve provided in the 
suction path. 

With the suction control device for a multiple cylinder 
internal combustion engine according to the present 
65 invention, the butterfly valve and the rotary shaft are mono- 
lithically formed with a resin material, so that an internal 
stress due to heat does not occur because coefficients of the 
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thermal expansion of the valve and the rotary shaft are Also, the suction control device for a multiple cylinder 
identical even when the engine is affected by heat from internal combustion engine according to the present inven- 
outside, and also orientation of resin fiber becomes identical tion comprises a shell body presenting a suction path corn- 
in the engagement section between the valve and the rotary municated to each cylinder in a multiple cylincfer internal 
shaft because they are monolithically made, and for this S combustion engine, a rotary shaft penetrating through and 
reason the mechanical strength can be insured. bo™ by the shell body, a bearing supporting the rotary shaft 

In addition, with the penetrated butterfly valve, the valve ^ '^''f ' direction, a butterfly valve supported by the 

can be engaged with the rotary shaft without using the f''^ ^'^ P'^'^^f "> f^"" f 

conventional type of connecting means, so that functions of " «° Z^^'^ly °Pf ° °^ P'"''' 

the butterfly valve can sufficienUy be achieved. lo ."^anng has an engageinent section which 

, , , . , IS engaged in a hole for engagement provided on an external 

Also the suction control dev,«= for a multiple cyhnder of the sheU body and a bearing section engaged in the 
internal combustion engine according to the present mven- g^al direction of the rotary shaft and supporting the rotary 
tion comprises a shell body presenting a suction path com- s^^f, i„ ,be radial direction, and a resilient contact piece 
municated to each cyhnder m a multiple cylmder mternal energizing the rotary shaft in the radial direction is mono- 
combustion engine a rotary shaft peneUating through and ^bically formed in the bearing section. 
™ ch'^f H hV- ""•'^f y X'^^ Wrted by die ^^^j, ^^^.^^ ^^^j^ ,^ 
rotary shaft and provided in each of the suction paths so that ^«oto„^« ^,.it;^i- K,.»t«^„ • 
•# 1 1 *!. *!. J * • invention, tor instance, the multiple butterfly valve in the 
It can freely open or close the suction path, and a restricting ^, , . j j ♦ c j r ♦u 

p « - . f ^tf * L & • suction device is provided at a specified position of the 

means for restncting movement of the rotary shaft in the e j • i u j u- u • *u i. n 

...... J • i_ . • J • .i_ /.I. . . fl 20 suction path formed m the valve body which is the shell 

axial direction, and is characterized in that the butterfly *^ • j u ■ *u 

valve and the rotary shaft are monolithically formed with a t^.^' P°«''°°."'g ^de by engagmg the engagement 

resin material, the 4ell body is made from a resin material. I , ^ '.h u «gag«">«' Pjovidfd 

J . . . . ' on the valve body and the bearmg section is engaged m the 

and the restncting means comprises an expandmg piece ^ u u *u * u • * j T .i. i 

^r.u-^^ii .r j *u 4 ur* ju- J*!- rotary shaft when the rotary shaft is supported to the valve 

monolithically formed on the rotary shaft and having a width u^J a^^^:u^a i *u ♦ ♦ /u -i * 

J- *• *u c * * II r J .t- 25 body described above. In this state, the resihent contact 

m the radial du:ection thereof, a contact wall formed on the . ^ . , „ *u il ■ n u 

ou-n J i j ui * J Pi^ce formed monolithically on the bearmg section all the 

shell body and shdably contacting and supportine the f- „u * i: • j- i j- 

. . i- * c time energizes the rotary shaft m the radial direction. Even 

expanding piece, and a resilient energizing member for -r ^^a- • . i .i. 

^ A' • . * . * *!. * . iL the shdmg section is worn out or a clearance thereto 

energizing the expanding piece to contact It to the contact «u„« « .u i- . * * • i r„ j 

^^jj ^ ^ * *^ changes, the resilient contact piece always follows and 

30 compensates the change, so that the rotary shaft in the 

Also, the suction control device for a multiple cylinder bearing hole can be prevented from being loosened therein, 

internal combustion engine according to the present inven- Furthermore, in the suction control device for a multiple 

tion comprises a shell body presenting a suction path com- li^d^r internal combustion engine according to the present 

municated to each cyhnder m a multiple cylinder mternal invention, a flange section of the throttle body for adjusting 
combustion engine a rotary shaft penetraUng through and 33 output from the engine is contacted to a surge tank flange 

bom by the shell body a butterfly valve supported by the ^^^^ fo^^j^ , 3^3^,^ 

rotary shaft and provided m each of the suction paths so that ^j^itiple cylinder internal combustion engine and the two 

It can freely open or close the suction path, a drivmg means g^^g, ^^^^^^ „^ connected to each other by the comiect- 

for dnving the rotary shaft^ and a restrictmg means for j^g means, and the suction control device according to the 

restncung movement of the rotary shaft m the axial ^ ^t invention is characterized in that the surge lank 

direcuon and is characterized m that the driving means has q ^ ^.j, f,^^ , ^^^^ ^.^^^al and at the same 

a torque dehvery rotary member engagmg and connected to y^^^ connecting means comprises a bolt penetrating 

one end secUon of the rotary shaft the restncting means has through a through-hole provided between the surge lank 

a contact piece contacting an end face of the torque dehvery flange section and the flange section of the throttle body and 

rotary member from outside of the rotary shaft m the axial 3 ^^^^^^ ^^^^ furthermore the nut comprLs a 

direcuon thereof, and the resihent energizing member for cylindrical screw section having a female screw groove in 

contacting the other end ot the rotary shaft from outside t^e internal wall and a rectangular flanee one end having a 

thereof in the axial direction and energizmg rotary shaft i„ j^e radial direction in one end of the cylindrical 

toward the contact piece. ^^^^ ^^^-^^ ^^j^l direction thereof, and the surge 
With the suction control device according lo the present 50 tank flange section has a U-shaped notched engagement 

invention, as the expanding piece formed monolithically on groove opening toward outside in the direction of a flange 

the rotary shaft is contacted to the contact wall formed on the surface of the flange section and also has a projection for 

shell body, the movement of the rotary shaft in the axial contacting the cylindrical screw section to an internal 

direction is restricted and energized by the resilient eoer- periphery of the notched engagement groove in a state where 
gizing member, it is possible to prevent the rotary shaft from 55 the cyhndrical screw section is inserted into and engaged in 

becoming loose. With this feature, each butterfly valve the notched engagement groove and pressing the cylindrical 

supported by the rotary shaft can accurately execute screw section to the bottom of the notched engagement 

opening/closing operation at the specified position of the groove. 

suction path. ji, jjjg suction control device according to the present 
Also, the movement of the rotary shaft as described above 60 invention, the nut is one with flange comprising a cylindrical 

can also be restricted by the contact piece contacting an screw section and a flange section, and the engagement 

outer end face of the torque delivery rotary member deliv- section at which the nut with flange is connected to the 

ering torque to the rotary shaft, and by resilient energizing flange section is a U-shaped notched engagement groove 

member energizing the rotary shaft toward the contact piece opening toward outside in the direction of a flange surface 
at the other end of the rotary shaft, so that opening/closing 65 of the flange section, and furthermore the projection for 

operation of the butterfly valve can accurately be executed making partially narrow the groove width of the engagement 

without generating rattling therein. groove is formed in the internal wall of the groove, so that 
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when the cylindrical screw section of the nut with flange is FIG. 21 is a cross-sectional view illustrating a state where 

inserted into and engaged in the notched engagement groove the intermediate bearing is engaged in and fixed to the 

described above, the projection is deformed in a range of bearing engagement section of the valve body (II) by means 

resilience to enable its insertion, and the external periphery of heat caulking welding. 

of the cyrindrica! screw section is held and fixed thereby « c,^ ->e , „• „, ^ „, ^„ j ^ 

, ^. I . rlu. zz to MO. ^5 are a side view, a plan view, and a 

accordmg to the elastic recovery of the projection after the ^. , . u n * r .u 

insertion cross-secUonal view each illustrating appearance of the 

bearing in the suction control device according to another 

BRIEF DESCRIPTION OF THE DRAWINGS embodiment of the present invention. 

The features of the present invention which are believed FIG. 26 is a side view illustrating appearance of the 

to be novel, are set forth with particularity in the appended bearing in the suction control device according to another 

claims. The invention, together with further objects and embodiment of the present invention, and 

advantages, may best be understood by reference to the piG. 27 is a view illustrating a manufacturing process for 

foUowmg descripUon taken m conjunction with the accom- ^^e bearing described above engaged in and fixed to the 

panying drawings, m the several Figures of which like b^^ring engagement section described above, 

reference numerals identify like elements, and in which: " nr^-^c- r,- •„ ji_ 

^ . . , . 4. . . , FIG. 28 is a front view illustrating an end beanng sup- 

no 1 shows a cross^sectional view of the conventional ^^^^.^^ monofithic type of multiple 

type of suction control device; . . .^^ . butterfly valve in the suction control device according to the 

no. 2 shows a schematic perspective view illustrating a p^^^^^ invention, and 

multiple butterfly valve used in the conventional type of ^-^^ • ■ i .«i . . 

c...^fi^„ A^,,:^. 20 FIG. 29 is a cross-sectional view illustrating the end 

suction control device; . . . , <,ut w»tt. r^w.^ 

c.,^ u 1 n . * beanng taken along the Une H—H in FIG. 28. 

FIG. 3 shows a cross-sectional view illustrating a sup- . 

porting structure of the multiple butterfly valve in the FIG 30 is a cross-sectional view showing the state where 

conventional technology beanng shown in FIG. 28 and FIG. 29 is mounted 

HG. 4 shows a plan view illustrating the tightening state ^^'^^'^^ '^"^ ^^^^ ^^^^ ('^) ^^PP^^ 
of the surge tank in a suction system with the throttle body 

in the conventional technology; and ^IG. 31 is a cross-sectional view illustrating the device 

FIG. 5 shows a cross-sectional view iUustrating the ^" illustrating an 

throttle body taken along the line A— A in FIG. 4. embodiment of the thrust bearing structure with specific 

FIG. 6 shows prior art similar to FIG. 5. 30 ^^^"^'^^ P'""""' invention. 

FIG. 7 shows a plan view of the suction control device ^^^^^ embodiment of the thrust bearing 

according to embodiments of the present invention; construction with specific feadires in the present invention. 

FIG. 8 shows a side view illustrating appearance of the 33 is a perspective view illustrating a connected 

suction control device from the point of the arrow R shown structure between the worm wheel and the rotary shaft 

in FIG. 7; 35 according to the embodiment shown in FIG. 32. 

FIG. 9 shows a side view illustrating an appearance of the FIG. 34 is a plan view illustrating the suction device and 

suction control device from the point of the arrow L shown throttle body employing the tightening structure according 

in FIG. 7; and to the present invention and 

FIG. 10 shows a cross-sectional view illustrating the FIG. 35 is an external side view illustrating the suction 

suction control device taken along the line C — C in FIG. 7. ^° device from the point of the arrow R shown in FIG. 34. 

FIG. 11 shows a plan view illustrating a monolithic type FIG. 36 and FIG. 37 each show an embodiment of the 

of the multiple butterfly valve of the suction control device tightening structure according to the present invention, and 

according to the present invention; FIG. 36 is a perspective view illustrating appearance of an 

FIG. 12 shows a side view illustrating the same as flange section made from resin and a nut with flange, and 

described above from a point of the arrow S shown in FIG. FIG. 37 is a view showing the state where the nut with flange 

11; and is engaged in the notched engagement groove. 

FIG. 13 shows a cross-sectional view illustrating the FIG. 38 shows an embodiment of the connecting structure 

butterfly valve taken along the line D — in FIG. 11. according to the present invention, and is a cross-sectional 

FIG. 14 is a partial perspective view illustrating appear- 5Q view illustrating thereabove taken along the line J — ^Jin FIG. 

ance of the penetrated butterfly valve of the suction control 34. 

device according to the embodiment of the present inven- FIG. 39 is a cross-sectional view illustrating another 

lion- connecting structure using a counter-sunk spring as a resil- 

FIG. 15 to FIG. 18 are views each illustrating the bearing ient member, 

in the suction control device according to an embodiment of 55 

the prescm invention; HG. 15 is a side view showing a state MODE FOR CARRYING OUT THE 

where the rotary shaft is supported; FIG. 16 is a side view PRESENT INVENTION 

showing the state where a pair of engaging pieces are Description is made hereinafter for a first embodiment of 

disengaged fi-om each other, FIG. 17 is a plan view showing the suction control device for a multiple cylinder internal 

the state in FIG. 16; and FIG. 18 is a cross-sectional view go combustion engine according to the present invention with 

showing the same state as that in FIG. 16 taken along the line reference to the related drawings. 

F ^F in FIG. 17, pjQ 7 shows a plan view illustrating appearance of the 

FIG. 19 is a cross-sectional view illustrating a bearing suction control device, and as shown in the figure, the 

engagement section formed in the valve body (II), and suction control device comprises a combination of resin 

FIG. 20 is a view showing a manufacturing process for the 65 injection molding components forming three areas of I, II, 

intermediate bearing engaged in and fixed to the engagement and III respectively. Namely, the portion of blanch (I) 

section described above. connected to the head air inlet port of the engine, the portion 
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of valve body (II) as a shell body presenting therein a true spirit and scope of the invention herein involved. It is 

multiple butterfly valve which is a switch valve for intake intended, therefore, that the subject matter in the above 

air, and the covering portion (III) forming the siuge tank and depiction shall be interpreted as illustrative and not in a 

the roundabout suction path each are formed by the method limiting sense. With this feature, flexural rigidity of the 

of injection molding discretely, and then the components are 5 butterfly valve in the rotating direction and a deflecting 

monolithicaUy connected with each other through each direction of the rotary shaft is improved, and flow resistance 

flange surface for engagement by means of vibration weld- *° ^an be reduced and inertia superchaige or 

ing or the like resonant supercharge can more efficiently be acted in a state 

o L J • •„ . c where the butterfly valve is provided in the suction path. 

FIG. 8 shows a side view lUustratmg appearance of the i*j i u -a i j j • l *u * 

^ , . . ^ • . f n u in The multiple butterfly valve described above is such that 

suction control device from the pomi of the arrow R shown lo butterfly valve and the rotary shaft are monolithicaUy 

m FIG. 7, and as shown m the figure and the flange section ^^^^ ^ J^^^^ ^ ^ ^^^^^^^ ^^^^^ ^ ^^^^ 

10 for mounting thereto the throttle body adjusting output ^^^^ separately like in the conventional technology, as 

from the engine is formed herem. ^^^^ in p,G the hole for engagement of the butterfly 

FIG. 9 shows a side view illustrating the suction control valve is formed with a peculiar form 21b other than a circle 

device from the point of the arrow L shown in FIG. 7, and, and a rotary shaft 21c having a cross section engaged in the 

as shown in the figure, the actuator 30 presenting therein a peculiar form hole 21b is formed, the butterfly valve and the 

gear system driving the multiple butterfly valve provided rotary shaft become monolithic when engaged to each other, 

therein is mounted to the peripheral side described above. and for this reason, a specified connecting means such as a 

It should be noted that the reference numeral 20 shown in ^crew is not required. Namely it is a preferable structure 

FIG. 7 and FIG. B indicates appearance of the edge bearing P°"^^ reduction in a number of components 

supporting one edge of the rotary shaft for the valve in the thereof. 

radial direction, and the rotary shaft of the multiple butterfly ^ext description is made for a bearmg rotatably support- 
valve is provided at this position. ^^^^'^ ^^^^ monolithic type of multiple 
5^ . . , . .„ . . butterfly valve. 

FIG. 10 shows a cross-sectional view lUi^tratmg the ^3 ^ike in the conventional technology (refer to FIG. 2), in 

suction control device taken along the Ime C-C in FIG 7. ^ ^^^^ ^ ^^^^ and a butterfly valve 2 are 

As shown m this figure, inside he portion of valve body (II), ^^^^^ separately, and only the rotary shaft 2a is inserted 

a monohthic type of the multiple butterfly valve in which the from the external side to the bearing hole 6 provided in the 

butterfly valve 21 and the rotary shaft 21a are monolithicaUy ^^^^^ ^ody (II), then the butterfly valve 2 is mounted, the 

formed with a resm material is provided in the suction path 3^ bearing hole 6 itself formed in the main body of the valve 

supported by the intermediate bearing 22 so that it can freely ^ody (II) may be sufficient as a bearing supporting the 

rotate. Also, inside the portion of cover (III), the port shell intermediate section of the rotary shaft, but on the other 

40 for forming the roundabout suction path is provided and ^and, in the configuration like the present embodiment in 

fixed by contacting the internal waU of the portion of cover ^hi^h a butterfly valve and a rotary shaft are monoHthicaUy 

35 formed, the rotary shaft can not be inserted to the bearing 

Herein, detailed description is made further for the mono- hole from the extemal side of the valve body. ^ 

Uthic type of multiple butterfly valve and the bearing portion Therefore, in the present invention, as shown in FIG, 10, 

therefor. As shown m FIG. 11, six pieces of butterfly valves p,G. 15 to RG. 18, and FIG. 19 to FIG. 20, the intermediate 

21 correspondmg to the mtake au- inlet port of the six- bearing 22 formed with a resin material is employed. The 

cylmdncal engine are monolithicaUy formed together with intermediate bearing 22 described above comprises a pair of 

the rotary shaft 21a supporting the butterfly valve so that it engaging pieces 22^ as shown in FIG. 15 to FIG. 18. Herein, 

can freely rotate by using a resm material or the like pjQ 15 s^ows a side view showing the state where the 

according to the method of injection molding. notary shaft is supported; FIG. 16 shows a side view showing 

Also, by forming monolithicaUy a butterfly valve 21 and the state where the pair of engaging pieces are disengaged; 

a rotary shaft 21a as described above, a work for fixing them 45 piG. 17 shows a plan view of FIG. 16; and FIG. 18 shows 

with screws as required in the conventional technology is a cross-sectional view of the bearing taken along the line 

not required any more, and in addition, a distance between p— F in HQ. 17. As shown in these figures, a pair of 

butterfly valves can precisely be formed if previously taking engaging pieces 22fl are connected rotatively to the base 

into consideration contraction and deformation of the mold- section of bearing 22k each via the thin section 22d respec- 

ing resin used for molding. Also, use of resin also enables 50 tively. The presence of the thin section 22d described above 

weight reduction thereof, and for this reason, bearing stress generates an effect as a joint, which makes it easy to engage 

in each of the supporting section of bearing 20 and 22 can and disengage a pair of engaging pieces 22a. Also, a pair of 

be reduced. resilient contacting pieces 22c are monolithicaUy formed in 

Also, as shown in FIG. 12, by smoothly forming a the bearing section supporting the rotary shaft 21a so that it 

connection area between the rotary shaft 21a connecting 55 presents a cantilever form as weU as a portion of an arch, 

butterfly valves 21 to each other and each butterfly valve 21 The pair of resilient contacting pieces 22c always energize 

with a curved surface R therebetween, resin can smoothly be the rotary shaft in the radial direction in the state where the 

filled in a mold die, and also concentration of stress in the rotary shaft 21a is supported at the bearing section, and for 

connection area described above can be mitigated. this reason the rotary shaft in the bearing hole is prevented 

Furthermore, as shown in the cross-sectional view taken 60 from becoming loose. Also, with these resilient contacting 

along the line D — D in FIG. 13, in the connection area of the pieces 22c, even if a clearance in the initial stage changes 

butterfly valve 21 with the rotary shaft 21a, the thick because of deformation caused by expansion or shrinkage 

(padding) section E is provided to realize a streamlined each of the bearing and rotary shaft, the contacting pieces 

form. The invention is not limited to the particular detaUs of can contact and support each other by following the change, 

the apparatus depicted and other modifications and applica- 65 so that the bearing can keep on working accurately and 

tions arc contemplated. Certain other changes may be made precisely without being afiEected by such factors such as 

in the above described apparatus without departing from the atmospheric temperature. 
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Herein, description is made for a sequence of assembling 
the mooolitbic type of multiple butterfly valve by using the 
intermediate bearing 22 described above. At first, the rotary 
shaft supporting sections at the five intermediate positions 
shown in FIG. 11 are located on the bearing support base 22k 5 
as shown in FIG. 16, and then a pair of engaging pieces 22 
are engaged as shown in FIG. 15 and locked with a hooking 
claw 22^. The 5 pieces of intermediate bearings 22 in the 
state as described above are engaged in and fixed to a 
bearing engagement section 22/ formed in the valve body lO 
(II). At the same time, the groove 22/ and the arch-formed 
projection section 22g (refer to FIG. 18) formed in the 
intermediate bearing 22 each are engaged in the long size 
projection section 236 and the arch-formed groove 23a 
formed in the bearing engagement section 23, so that the 15 
intermediate bearing 22 can accurately be positioned. 

Also, like the engaging operation described above, a set 
pin 24 formed in the bearing engagement section is inserted 
into the engagement hole 22e of the intermediate bearing 22, 
then an edge of the set pin 24 is deformed by adding thereto 
beat or vibration, namely an effect as a rivet is given thereto 
by means of heat caulking welding, so that the intermediate 
bearing 22 can accurately be fixed. 

It should be noted that, when a fixing means with a set pin 
24 is employed, as shown in FIG. 21, a chamfer 22 is 
provided in the upper section of the hole 22e, so that stress 
concentrated to the welding section after subjected to caulk- 
ing welding by heat deformation can be loosened, and 
holding power by the set pin in the axial direction and the 
vertical direction can efiSciently be achieved. 

As for another embodiment of the intermediate bearing 
22, as shown in FIG. 22 to FIG. 25, the thin section 22d is 
provided in the edge of bearing area, and a pair of engaging 
pieces 22fl can easily be engaged and disengaged, or, as 
shown in FIG. 26 and FIG. 27, the bearing section can have 
two components such as a half bearing 22/ and a bearing cap 
22h by being divided into half. 

Next description is made for an end bearing formed with 
a resin material indicated by the reference numeral 20 in 
FIG. 8. The end bearing 20 supporting one edge of the rotary 
shaft of the monolithic type of multiple butterfly valve 
comprises, as shown in FIG. 28 and FIG. 29, a bearing 
section 20b supporting the rotary shaft 21a in the radial 
direction, a spigot joint section 20a for positioning by 
engaging the basic body of bearing 20 in the engagement 
hole provided in the valve body, and a hook section 20d 
connected to the valve body (II), and furthermore, a resilient 
contacting piece 20c always energizing and supporting the 
rotary shaft 21a in the radial direction is monolithically 
formed in a cantilever form in the bearing section 20. 

llie resilient contacting piece 20c described above is 
provided, so that the rotary shaft can be prevented from 
becoming loose in the bearing hole. In addition to the effect 
of preventing rattling, the role as a bearing function can 55 
accurately be achieved because it can follow a change in 
atmospheric temperature or the like. 

Also, as a sequence of assembling the end bearing 20, the 
monolithic type of multiple butterfly valve is supported by 
intermediate bearings 22 and located in the area of bearing 60 
engagement section 23 in the valve body (II), and then, as 
shown in FIG. 30, it is mounted by being engaged in and 
fixed from outside to the end bearing-hole for engagement 
opened on the peripheral side of the valve body (II). At this 
time, the basic body of bearing 20 is precisely positioned by 65 
means of engagement between the spigot joint 20a and the 
hole for engagement 25, and the hooking section 20d is 
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engaged in the mounting flange 26 provided in the valve 
body (II), so that the disengagement is prevented, which 
makes engagement between the engagement more secured. 

The monolithic type of multiple butterfly valve and the 
bearing therefor which arc specific features in the suction 
control device according to the present invention described 
above are all formed by using a resin material, and it is an 
invention completed in the processing for forming them with 
resin, however, the present invention is not limited to a case 
of using a resin material, and it can also be applied to a case 
where other materials may be used for it. 

As described above, with the suction control device for a 
muhiple cylinder internal combustion engine of the present 
invention, weight reduction thereof can be achieved and 
mechanical strength thereof can be insured by forming it 
with resin or because of such effects as elimination of 
components for connection due to monolithic formation of 
a butterfly valve and a rotary shaft. 

Also, with weight reduction of the butterfly valve itself, a 
supporting load on the bearing section becomes smaUer and 
a degree of wearing of members in the sliding interface can 
be reduced. 

Furthermore, with a bearing which is another specific 
feature of the present invention, even if a butterfly valve and 
a rotary shaft formed monohthically as described above is 
supported by the bearing, the assembly thereof becomes 
possible, and it is possible to prevent the rotary shaft 
becoming loose in the radial direction. 

Also, even if the bearing described above is fixed to the 
bearing engagement section by heat caulking welding, stress 
concentrated thereon can be mitigated and mechanical 
strength can be insured by a conically beveled section 
provided in the edge section of a hole for a set pin subjected 
to heat caulking when inserted therein and engaged there- 
with. 

Also, the rotary shaft can precisely be positioned by 
engaging the engaging section 20a of the bearing 20 in the 
hole for engagement 25 provided in the valve body (11) 
which is a shell body, and the rotary shaft can be supported 
by engaging the bearing section 20^ to the rotary shaft from 
outside thereof. In this state, the resilient contacting piece 
20c always energizes the rotary shaft in the radial direction, 
so that the rotary shaft can be prevented ft-om becoming 
loose in the bearing hole and a function the bearing has by 
nature can accurately be operated even if wearing of the 
liding section or change in a clearance thereof occurs. 

Next description is made for a second embodiment of the 
suction control device for a multiple cylinder internal com- 
bustion engine according to the present invention. 

FIG. 31 shows a cross-sectional view of the suction 
control device taken along the line B — B in FIG, 7, and the 
multiple butterfly valve for opening or closing the suction 
path 8 is provided in this area. As shown in this figure, in the 
multiple butterfly valve provided in the portion of valve 
body (II), a basic body of the valve 21 and a rotary shaft 21a 
supporting the basic body thereof are formed monolithically 
with a resin material. And one end of the rotary shaft 21a 
described above is supported by the bearing 20 and the 
rotary shaft located between the basic bodies of valves 21 is 
rotatably supported by the intermediate bearings 22. 

Furthermore, an actuator 30 is connected to other end 
section of the rotary shaft 21a to actuate the multiple 
butterfly valve described above. In the actuator 30, if a worm 
32 is rotated by a driving source such as a motor (not shown 
herein), a worm wheel 31 which is a torque delivery rotary 
member engaging therewith is rotated, then the rotary shaft 
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21a fixed monolithically to the worm wheel 31 is rotated. It Next description is made for a sequence of assembling a 

should be noted that the bearing 23 is provided in the section monolithic type of multiple butterfly valve by using the 

for connection between the worm wheel 31 and the rotary intermediate bearing 22 described above. At first, the rotary 

shaft 21a, and the other end of multiple butterfly valve is shaft positioned between valves is located on the base 

rotatably supported thereby. Also, in the worm wheel 31, the 5 section of the bearing 22k as shown in FIG. 16, then a pair 

internal side thereof is energized outwards by a coil spring of engaging pieces 22fl are engaged in each other as 

33 which is a resilient energizing member, and the expand- described above to be locked with the hooks 22b thereof, 

ing piece 2\b monolithically formed with the rotary rfiaft j^^^ intermediate bearing 22 in the state described 

21a IS contacted with the contacting waU 24 formed m the ^^^^^ ^ ^^^^ j^^^^ ^ ^^^.^^ ^^^^^ ^ 

mlernalwaU of the valve tody (^^^ 10 valve body (II) by being inserted thereinto and engaged 

hSfwLTr'^fhlJ^^^^^ ' therein in the direction vertical to planes of FIG. 31 and RG. 

thrust beanng bemg achieved. a* .u- *u i-i^? j *i_ c j 

!i- . L • . ^ J J i_ 32. At this time, the groove 22/ and the arch-formed pro- 

With the thrust bearmg structure described above, the ... , ^.t. ^ . . . 

. J n_ . «• 1 jectmg section 22e (refer to FIG. 18) formed in the mter- 

expanding piece 21i> and the contacting wall 24 are always a- * • ^ • .u i - 

, f t_ ^e-x , J . . mediate bearing 22 are eneaeed m the long size proiection 

(via the washer 25) contacting to and engaging with each . tr j /.u \r j *i. 

. 1.- 1 i_ a 1 L * -1 r 15 section and arch-iormed groove (not shown) formed in the 

other so that a multiple butterfly valve can be prevented from . . ^ *■ 1 u- u 

. . , . X. • 1 J- i_ • -J beanng engaging section respectively, which enables accu- 

becoming loose m the axial direction because it is eneigized ^ * r *u • . j- * ^ • 

, . . r 1 • rate positionmg of the intermediate bearmg 22. 

by energizing power of the coil sprmg 33. r & & 

Also, in this case, as shown in FIG. 31, the coil spring 33 ^ ^hen the intermediate bearing has been positioned and 

is provided near the contacting area between the expanding ^^^^^^ ^ process, one end of the rotary shaft 21a is 

piece 21b and the contacting piece 24, so that the energizing "^^'^^ ""^^^ bearmg 20 m the axial direcUon. and the 

power can accurately and efficiently act to both of the other thereof is connected to and fixed to the w 

contacting direction, and for this reason the multiple butter- 'he coil spnng 33 10 the embodiment shown m Fia 31. 

fly valve can precisely be positioned to the valve body (II). P° ^he other hand, in the embodiment shown m FIG. 32, at 

, ,1 r J • »!. 1 first, the engaging shaft 21c positioned at one end of the 

Furthermore, the contactmg waU 24 formed m the valve * l • j • l 1 r .^il r.i. 

i_ J /Tt\ J !u J - r J I*!.- ^ rotary shaft IS engaged in the hole for engagement 31o of the 

body (II) and the expandmg piece 21d formed monolithi- i_ 1 ^< Z * .1. r* *u • 1 j- r 

lu.fi fi,^ i,..»f-.,fl„ worm wheel 31 from outside thereof in the axial direction of 

cally in the rotary shaft of the multiple butterfly valve ^, ^ u j *u tA • * j * 

A u A u A f • ♦ 1 the rotary shaft 2 la, and the cover 34 is mounted to the 

descnbed above are used as a reference point respectively L y c ^ -j c . .i. . 

c '^' ^u fu 1. * c worm wheel from outside thereof so that the contacting 

for positioning thereof when each component are manufac- . ^. . . j j • *u jr r.t. 

Lij .1 piece 34fl is contacted and engaged m the end face 31c of the 

tured and assembled respectively, so that locatmg each valve ,n uinAJt-i. '*/^ j- u -i 

. o J • • 4i- c • 1 L worm wheel 31. And the bearing 20 providing therein a coil 

21 in the suction path 8 and sizing thereof can precisely be ■ ia ■ j • *u j »u c . ■ 

- p ^. . ^ -r u * u il spring 33 is engaged m the other end thereof to be in a slate 

executed. For this reason, even if each component has been ... . x. c. - • j . .t. j r 

, c J J u *u 1 • e 1 where the rotary shaft 21fl is energized to the side of the 

deformed caused by thermal expansion, functions as a valve . , , . -1. j u 1.1 t. 

. I . . J *u * *♦ • * -r worm wheel. With steps described above, assembly of the 

can accurately be executed without generating any mterfer- n - 1 u a 1 • 1 * n • 1 • i-* 

, ^ , J *u • * 1 n i:*u *• muhiple butterfly valve IS complete. Herein, a coil spring 33 

ence between the valve and the mtemal waU of the suction « j,/^ j *■ l v.i.- n i. c j 

. ^5 and the end section beanng 20 can monohthically be formed 

" , . . . , ^ , , ^ , with a resin material. In this case, it is advantageous that a 

Next description is made for another cn^odiment of the ^^^j ^ 33 ^^^^^ ^ ^ cantilever-form like that of the 

thrust beanng structure described above. HO. 32 shows a ^^^^^^^ , ^ ^^.^ 22c described above, 

cross-sectional view of the device in an area where the r . 1 1 . . . . ^ 

multiple butterfly valve is provided as shown in in FIG. 31. 40 ^ noted that, the expandmg piece 21b formed 

As shown in the figure, in the multiple butterfly valve, one monolithically with the rotary shaft 21^ and projecting m the 

end of the rotary shaft 21fl is engaged in and connected with radial direction (which can not be employed m a structure m 

the worm wheel 31 which is a torque delivery rotary which a rotary shaft be inserted from the penp^^^^^ 

member, the end face 31c thereof is contacted to the con- ^^^^ engagement like in the oonven- 

tacting piece 34«monoUthically formed in the internal waU 45 l^o^al technology) can be employed only because the 

of cover 34 in the actuator 30. Also, the coil spring 33 "^^^^"^ °f assemblmg as described above is used, 

rotatably inserted into the end section bearing 20 is contact- As described above, with the suction control device for a 

ing the rotary shaft in the other end of the rotary shaft 21fl, multiple cylinder internal combustion engine, the expanding 

so that the rotary shaft 21a is energized to the side of the piece formed monolithically in the rotary shaft 21^ is 

contacting piece 34fl. 50 contacted and engaged in the contacting wall formed on the 

Herein, description is made for connection between the ^^^^^ ^'^y ^^^^^ ^ ^hell body, and furthermore, for 

wonn wheel 31 and the rotary shaft 21«. As shown in HG. instance, the rotary shaft is directly energized by a resilient 

33, a cylindrical section 31^ projecting from the peripheral energizing member so that this engaged stale can always be 

surface thereof is provided in the worm wheel 31, and a hole maintained, and for this reason the rotary shaft does not 

for engagement ^Ib with a substantially rectangular and 55 become loose, and the multiple butterfly valve can accu- 

opening to the side of end section is fonned inside thereof. ^^^^^X execute its opening/closing operation in each of the 

On the other hand, formed at an end section of the rotary suction paths. 

shaft 21fl is an engaging shaft section 21c which are inserted Also, as each butterfly valve and a suction path are formed 

and engaged in the hole for engagement 31^ described with referring to a position wherein the expanding piece and 

above for rotating together with the rotary shaft. With the 60 contacting wall are engaged with each other as a rcfer- 

connection by means of engagement between the engaging ence surface for positioning, positioning for each component 

shaft section 21c and the hole for engagement 31^, torque is as required in the conventional technology is not necessary, 

accurately delivered to each other without causing idling. which enables easier work for assembly and a higher pre- 

In the ihmst bearing structure described above, the move- cision in alignment, 

ment of the rotary shaft can be controlled as weU by 65 Furthermore a torque delivery rotary member for deliv- 

positioning the rotary shaft to a specified position, thus the ering torque to the rotary shaft is connected thereto by 

such a fault as rattling being prevented. engagement, and the contacting piece is contacted from 
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outside of the end face to the rotary shaft with an energizing 
force added to the other end of the rotary shaft by a resilient 
energizing member, so that various advantages such as 
prevention of rattling of the rotary shaft and easiness in 
assembly thereof are provided. Namely the rotary shaft and 
the torque delivery rotary member are not fixed to each other 
by a screw means or by welding, but the two components 
described above are simply engaged in and connected to 
each other, so that after the rotary shaft has been provided in 
the valve body, the state where the rotary shaft is accurately 
and precisely supported in the radial direction and the thrust 
direction can be maintained only by adding thereto inserting 
and engaging work from the axial direction. 

As described above, by using resin as molding material, 
weight reduction of the device can be achieved and also 
accurate functions of the multiple butterfly valve is insured. 

Next description is made for a third embodiment of the 
suction control device for a multiple cylinder internal com- 
bustion engine according to the present invention. 

FIG. 34 shows a plan view illustrating an appearance of 
the basic body of the suction device in a state where the 
throttle body 200 is fixed to the basic body of suction device 
100 by a connecting structure according to the present 
invention. As shown in the figure, the basic body of the 
suction device 100 comprises a combination of components 
formed by resin injection molding and presenting the fol- 
lowing three areas of I, II, and III. Namely a portion of a 
branch (I) connected to the head intake port of engine, a 
portion of a valve body (II) presenting therein a multiple 
butterfly valves each opening/closing the suction path, and 
a covering portion (III) forming a surge tank and a round- 
about suction path are discretely molded each by injection 
molding, and then connected through a respective flange 
surface to form a monolithic body by vibration welding. 

Also, the flange section 10a for mounting thereon the 
throttle body 200 formed from an aluminium material or the 
like is monolithically formed with the same resin material as 
that used for the basic body of suction device 100 in the 
valve body portion (II) as well as for the covering portion 
(lU). 

It should be noted that, in FIG. 34, the same reference 
numerals as those in FIG. 4 are used to indicate the portions 
previously described. 

Next detailed description is made for the flange section 
10a molded from a resin material. FIG. 35 shows a side view 
illustrating the basic body of suction device 100 from the 
point of the arrow R in FIG. 34 (showing a state where the 
throttle body 200 has not been located therein), and, as 
shown in the figure, the flange section 10a has a substan- 
tiaUy rectangular form and an opening section 10b commu- 
nicating the internal section of the surge tank to outside air 
is formed in the central section thereof. 

Also, U-shaped notched engaging grooves 10c opening to 
outside in the diagonal direction of the flange face each are 
provided at four comers of the flange section 10a describe 
above. Then a cylindrical screw section 11a of the nut 11 
with flange which is a portion of the connecting means 
described later is engaged in parallel with the flange face at 
the notched engaging groove 10c. 

Next detailed description is made for an engaged relation 
between the notched engaging groove 10c and the nut 11. 
FIG. 36 and FIG. 37 respectively show views for explana- 
tion of the engagement relation described above, and FIG. 
36 is a perspective view illustrating an appearance of a 
flange section 10 area of the suction system surge tank, while 
FIG. 37 is a partially enlarged view illustrating a state where 
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the nut 11 is engaged in the notched engaging groove 10c. 
As shown in these two figures, a pair of projections lOd each 
opposed to the internal walls of the grooves are formed at the 
U-shaped notched engaging groove 10c provided at four 
corners of the flange sections 10a, and this portion is 
narrower in width as compared to other groove width. On 
the other hand, a nut 11 which is a portion of die connecting 
comprises a cylindrical screw section 11a in which a female 
screw groove 11c is formed in its internal wall and a 
rectangular flange section lib having a width in the radial 
direction provided in the end section of the axial direction of 
the cylindrical screw section. And when a nut with flange 11 
is to be inserted into and engaged in the notched engaging 
groove 10c, the cylindrical screw section of a nut with flange 
11 is inserted from the side of opening of the notched 
engaging groove thereinto, and contacted to a pair of pro- 
jections lOd, and herein, pushed thereinto by adding further 
a force to the cylindrical screw section, so that the cylin- 
drical screw section 11a reaches the bottom section lOe of 
the notched engaging groove 10c, then the screw section is 
fixed so that it is held by the internal wall of the notched 
engaging groove 10c and the pair of projections lOd. At the 
same time, the pair of projections lOd are deformed within 
a range of their elasticity when the cylindrical screw section 
llfl is pushed into the groove, which enables insertion 
thereof, then the resilience of the projections recovered after 
their engagement is complete, namely a perimeter of the 
cylindrical screw section kept held and fixed therebetween 
by their spring action, so that a nut is prevented from 
dropping until when the throttle body 200 has completely 
been tightened and fixed. 

The method of engaging a nut 11 in a U-shaped engaging 
groove 10c having an opening in one end in a direction 
parallel to a flange face is one of the most preferable 
methods of mounting especially in a case where no extra 
space is behind a flange face of the flange section 10a in the 
vertical direction. Because a circle hole can be employed if 
a moving stroke for inserting a cyhndrical screw section can 
be ensured in the direction vertical to the flange face. 

Next description is made for a connecting method when 
a throttle body 200 is assembled to the basic body of suction 
device 100. FIG. 38 shows a cross-sectional view illustrating 
the basic body of suction device taken along the line J — J in 
FIG. 34, and as shown in the figure, the nut with flange 11 
is engaged in the flange section 10a of the basic body of 
suction device in a state where a flat washer 13 and a pair of 
counter-sunk springs 12 are provided between the flange 
section lib of the nut with flange 11 described above and the 
end face of the flange section 10a. And the flange section 
200a of the throttle body 200 is contacted to the flange 
section 10a of the basic l3ody of suction device via a seal 
member 400 so that two of the flange faces can firmly be 
stuck to each other, and furthermore the volt 300 incorpo- 
rating therein a flat washer 500 is screwed to the screw 
groove 11c of the nut with flange 11 through the through- 
hole 200/2. 

With the connecting structure described above, the flange 
section 10a formed with a resin material is always energized 
to the flange section 200a of the throttle body to be stuck by 
a counter-sunk spring 12. 

For this reason, even if the resin flange section 10a 
generates permanent distortion (setding) due to heat creep 
such as compression or deformation, the reduction in con- 
tacting strength with which the throttle body is stuck to the 
basic body thereof can be prevented by a spring power of the 
counter sunk spring, so that the connecting state of the two 
can accurately be secured from external vibration. 
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Especially, if a deformation rate of the resin flange section 
10a is large, as shown in FIG. 38, it is preferable to provide 
a counter-sunk spring 12 in the side of flange section 10a 
because the spring power is directly effected thereover. 

On the other hand, if a deformation rate of the resin flange 
section 10a is not so large, as shown in FIG. 39, it is 
allowable to employ a method of locating a plate (counter- 
sunk) spring 12 in the side of the flange section 200a of the 
throttle body by using the conventional type of volt 300 and 
nut 700. 

Furthermore, in the structure where a nut with flange 11 
is used as shown in FIG. 38, by forming a whirl-stop wall 
10m or a drop-preventing wall lOn on a portion of the 
external wall of the basic body of the suction device 100, 
dropping of a nut can be prevented even if an engaged state 
between a nut with flange 11 and a notched engaging groove 
10c is not tight enou^. Therefore, a technique may be 
employed in which only the nut with flange 11 with a flat 
spring 12 and flat washer 13 previously incorporated there- 
with is assembled to a flange section of the flange surface 
10a of the basic body of the suction device, and the throttle 
is assembled thereto in a different process, which insures 
easiness in a work for manufacturing and assembly and 
insures a larger freedom in a designing process. 

As described above, with the sUiicture for connection 
according to the present invention, a nut with flange com- 
prising a cylindrical screw section having a female screw 
groove on the internal wall thereof and a rectangular flange 
section having a width in the radial direction at an end 
section in the axial direction of the cylindrical screw section 
described above is employed, and furthermore, a U-shaped 
notched engaging groove with one side opening to outside in 
the direction of flange face is formed in the flange section 
formed from a resin material, and a projection pressing the 
cylindrical screw section to the bottom section of the engag- 
ing groove in the state where the cylindrical screw section of 
the nut with flange is engaged in the engaging groove is 
provided in the internal wall of the engaging groove, so that 
it is easy to assemble the nut with flange to the flange section 
and the nut can be prevented from dropping, and for this 
reason, a nut is not required to be used held when tightening, 
and the tightening work can easily be carried out. 

Also, by providing a resilient member energizing the 
flange section to a flange section in the other side in the side 
of flange section formed with a resin material, the flange 
section is connected with bolts and nuts. Therefore, even if 
the resin flange section generates plastic deformation due to 
heat creep or the like, reduction of the axial strength can be 
suppressed, so that contacted state of the two flange section 
can be maintained and also firm connection between the two 
components can strongly be maintained. 

INDUSTEUAL AVAILABIUTY 

As described above, the suction control device for a 
multiple cylinder internal combustion engine according to 
the present invention can accurately executes the original 
functions thereof without fail and also enables weight 
reduction, so that it can advantageously and effectively be 
used in a combustion engine mounted on a vehicle or the like 
because of the fiiel cost reduction realized by weight reduc- 
tion. 



What is claimed is: 

1. A suction control device for a multiple cylinder internal 
combustion engine comprising: 

a shell body being made from a resin material, and having 
suction paths each communicated to each cylinder in a 
multi-cylinder internal combustion engine; 
a rotary shaft penetrating and born by said shell body; 
butterfly valves each supported by said rotary shaft and 
provided in each of said suction paths so that said 
butterfly valves can freely open or close said suction 
paths respectively; and 
a bearing fixed onto said shell body and supporting said 
rotary shaft so that said rotary shaft can freely rotate, 
said butterfly valves and said rotary shaft being made 

from a monolithicaUy molded resin material, 
said rotary shaft having a curved surface section in a 
border area between each pair of neighboring ones of 
said butterfly valves, 
each of said butterfly valves including a padding section 
having a streamlined form in the intake air flowing 
direction in a border area between said rotary shaft and 
each of said butterfly valves, and 
said bearing comprising: 

a pair of engaging pieces being engageable with each 
other so as to radially bear said rotary shaft therebe- 
tween when they are engaged with each other, and 
a resihenl contacting piece monolithicaUy formed in a 
portion facing said rotary shaft of each of said engaging 
piece for radially urging said rotary shaft. 

2. The suction control device for a multiple cylinder 
internal combustion engine according to claim 1, wherein 
said pair of engaging pieces are connected to each other in 
one of their respective end sections. 

3. The suction control device for a multiple cylinder 
internal combustion engine according to claim 1, wherein 
each of said pair of engaging pieces is discretely formed as 
a separate body. 

4. The suction control device for a multiple cylinder 
internal combustion engine according to claim 1, wherein 
said bearing further includes a base section which supports 
a portion of the periphery of said rotary shaft, and wherein 
each of said pair of engaging pieces is monolithicaUy 
formed with said base section while being movable relative 
to each other. 

5. The suction control device for a multiple cylinder 
internal combustion engine according to claim 1, wherein 
said shell body has a fixing pin for fixing said pair of 
engaging pieces to said sheU body by means of heat caulking 
welding, and wherein each of said pair of engaging pieces 
has a hole for said fixing pin to be inserted therein and 
engaged therewith in an end section away from a section for 
supporting said rotary ^aft in said engaging piece and also 
has a conical beveled section in an edge section of said hole 
for insertion and engagement in the side for heat-caulking 
welding. 
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